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,Q PDQ\ LQVHFWV PDOHV FRPSHWH GLUHFWO\ ZLWK
RWKHU PDOHV IRU DFFHVV WR IHPDOHV 7KRUQKLOO DQG
$OFRFN  2EVHUYDWLRQV RI LQVHFW PDOHV EHLQJ
GLVORGJHG IURP IHPDOHV E\ RWKHU PDOHV GXULQJ
PDWLQJ DUH FRPPRQ 7KRUQKLOO DQG $OFRFN 
DQG KDYH EHHQ REVHUYHG LQ D YDULHW\ RI VSHFLHV
0F/DLQ DQG %RURPLVD  2WURQHQ 
-RKQVRQ  6XJL\DPD HW DO  (QGHUV 
6LJXUMRQVGRWWLU DQG 6QRUUDVRQ  ,Q LQVHFWV
ZLWK GLUHFW SK\VLFDO FRPSHWLWLRQ WKH RXWFRPH RI
WKH FRQWHVW LV IUHTXHQWO\ UHODWHG WR PDOH VL]H ZLWK
ODUJHU PDOHV WHQGLQJ WR ZLQ 7KRUQKLOO DQG $OFRFN
 ,Q DGGLWLRQ SULRU UHVLGHQF\ DOVR PD\ EH
UHODWHG WR FRQWHVW RXWFRPH ZLWK WKH UHVLGHQW
VHHPLQJ WR ZLQ D KLJKHU SHUFHQWDJH RI
LQWHUDFWLRQV WKDQ ZRXOG EH H[SHFWHG ZKHQ
FRQVLGHULQJ RWKHU IDFWRUV VXFK DV VL]H HJ 'DYLHV
 2WURQHQ 7KRUQKLOO
6RFLDO FRQGLWLRQV DQG WLPH RI GD\ PD\ DIIHFW
FRQWHVW EHKDYLRU )RU H[DPSOH VWXGLHV RI
WHUULWRULDO LQVHFWV FRPPRQO\ ILQG WKDW DQ LQFUHDVH
LQ GHQVLW\ RIWHQ LQFUHDVHV WKH QXPEHU RI
FRPSHWLWLYH LQWHUDFWLRQV 3H]DOOD  .RHQLJ
DQG $OEDQR  ,Q DGGLWLRQ FRQWHVWV RIWHQ
RFFXU PRUH RIWHQ DW VRPH WLPHV RI GD\ WKDQ
RWKHUV )RU H[DPSOH LQ WKH WHUULWRULDO GUDJRQIO\
Paltothemis lineatipes FRQWHVWV ZHUH PRUH
FRPPRQ LQ WKH PRUQLQJ SULRU WR IHPDOH DUULYDO
$OFRFN  7HPSRUDO GLIIHUHQFHV LQ FRQWHVW
IUHTXHQF\ FDQ EH UHODWHG WR SK\VLFDO FRQGLWLRQV
VXFK DV WHPSHUDWXUH 3H]DOOD  DQG LQ VRPH
FDVHV PD\ XOWLPDWHO\ EH UHODWHG WR DQ LQFUHDVH LQ
WKH EHQHILW WR ILJKWLQJ )RU LQVWDQFH IHPDOH
DYDLODELOLW\ RU UHFHSWLYLW\ PD\ YDU\ WHPSRUDOO\
&RQVHTXHQWO\ ILJKWLQJ DPRQJ PDOHV PD\
FRUUHVSRQG WR IHPDOH DYDLODELOLW\ LQ VXFK D ZD\ DV
WR SURYLGH PDOHV DFFHVV WR IHPDOHV DW WKH WLPHV
ZKHQ IHPDOHV DUH PRVW DYDLODEOH .RHQLJ DQG
$OEDQR $OFRFN
,Q WKLV VWXG\ ZH H[DPLQHG FRQWHVW EHKDYLRU LQ
-DSDQHVH EHHWOHV Popillia japonica 1HZPDQ
&ROHRSWHUD 6FDUDEDHLGDH 7KH -DSDQHVH EHHWOH
LV D FRPPRQ LQWURGXFHG VSHFLHV WKURXJKRXW WKH
HDVWHUQ SDUW RI WKH 86$ DQG LV D KRUWLFXOWXUDO DQG
DJULFXOWXUDO SHVW LQ ERWK WKH ODUYDO DQG DGXOW
VWDJHV )OHPLQJ  3RWWHU DQG +HOG 
9LUJLQ IHPDOHV HPLW D VH[ SKHURPRQH /DGG 
7XPOLQVRQ HW DO  EXW WKH\ VWRS SURGXFLQJ
WKLV SKHURPRQH DIWHU WKHLU ILUVW PDWLQJ /DGG
 HYHQ WKRXJK WKH\ PD\ FRSXODWH DQG OD\
HJJV UHSHDWHGO\ GXULQJ WKHLU ± PRQWK DGXOW
OLIHVSDQ )OHPLQJ  9DQ 7LPPHUHQ HW DO
 0DOHV DQG IHPDOHV DJJUHJDWH RQ IRRG
SODQWV LQ UHVSRQVH WR SODQW NDLURPRQHV /RXJKULQ
et al 19 -DSDQHVH EHHWOHV DUH SURPLVFXRXV
)OHPLQJ  %DUURZV DQG *RUGK  3RWWHU
DQG +HOG  ZLWK ERWK VH[HV FDSDEOH RI
FRSXODWLQJ ZLWK PXOWLSOH SDUWQHUV RQ WKH IRRG
SODQWV 0DOH PDWLQJ EHKDYLRU FDQ EHVW EH
GHVFULEHG DV ³VFUDPEOH FRPSHWLWLRQ´ 7KRUQKLOO
DQG $OFRFN  .&. DQG 396 XQSXEOLVKHG
REVHUYDWLRQV DQG DIWHU PDWLQJ PDOHV PD\
FRQWLQXH WR ULGH RQ WKH EDFNV RI IHPDOHV IRU KRXUV
JXDUGLQJ WKHP IURP RWKHU PDOHV )OHPLQJ 
%DUURZV DQG *RUGK  6DHNL HW DO D E
$OWKRXJK WKH OHYHO RI DJJUHJDWLRQ YDULHV ZLGHO\
6ZLW]HU HW DO  -DSDQHVH EHHWOHV RIWHQ RFFXU
LQ YHU\ KLJK GHQVLWLHV )OHPLQJ  6ZLW]HU HW DO

-DSDQHVH EHHWOH PDWLQJ EHKDYLRU VHHPV WR KDYH
ERWK D FRPSHWLWLYH DQG WHPSRUDO FRPSRQHQW
6LQJOH PDOHV PD\ DWWHPSW WR WDNHRYHU IHPDOHV
IURP SDLUHG PDOHV LQ WKH ILHOG )OHPLQJ 
7KRUQKLOO DQG $OFRFN  3RWWHU DQG +HOG
 )XUWKHUPRUH WLPH RI GD\ DQG WHPSHUDWXUH
DSSHDU WR DIIHFW VRPH DVSHFWV RI -DSDQHVH EHHWOH
PDWLQJ EHKDYLRU 6ZLW]HU HW DO  IRXQG WKDW
-DSDQHVH EHHWOHV SDLUHG DQG WKXV PRVW OLNHO\
FRSXODWHG PRUH IUHTXHQWO\ LQ WKH PRUQLQJ DQG
HYHQLQJ DQG DW ORZHU WHPSHUDWXUHV 7KH VH[ UDWLR
RQ WKH IRRG SODQW DOWKRXJK PDOHELDVHG GLG QRW
FKDQJH FRQVLVWHQWO\ RYHU WKH FRXUVH RI D GD\ DQG
XQSDLUHG IHPDOHV DQG PDOHV H[LVWHG WKURXJKRXW
WKH GD\ 6ZLW]HU HW DO  0DOHPDOH SDLUV
ZHUH PRUH FRPPRQ LQ WKH DIWHUQRRQ 6ZLW]HU HW
DO
5HODWLYHO\ OLWWOH LV NQRZQ DERXW WKH PDWLQJ
G\QDPLFV RI WKH -DSDQHVH EHHWOH ,W LV QRW NQRZQ
WR ZKDW H[WHQW SK\VLFDO FRPSHWLWLRQ EHWZHHQ
PDOHV LV LQYROYHG LQ PDWH DFTXLVLWLRQ 1RU LV LW
NQRZQ ZKHWKHU WKLV SK\VLFDO FRPSHWLWLRQ ZDV
DVVRFLDWHG ZLWK IDFWRUV VXFK DV SDLU IUHTXHQF\
GHQVLW\ WHPSHUDWXUH WKDW PD\ FRUUHODWH ZLWK WKH
VFDUFLW\ RI VLQJOH IHPDOHV RU GLIILFXOW\ LQ VHDUFKLQJ
IRU WKHVH IHPDOHV FRQGLWLRQV WKDW PD\ LQFUHDVH
WKH QHW EHQHILW WR ILJKWLQJ UHODWLYH WR RWKHU RSWLRQV
7KRUQKLOO DQG $OFRFN  $V LQ PDQ\ LQVHFWV
LQ -DSDQHVH EHHWOHV WKH ODVW PDOH WR FRSXODWH ZLWK
D IHPDOH IHUWLOL]HV WKH PDMRULW\ RI WKH HJJV /DGG
 6LPPRQV  VR WKH RXWFRPH RI D ILJKW
KDV LPSRUWDQW ILWQHVV FRQVHTXHQFHV 7KH SULPDU\
REMHFWLYHV RI WKLV VWXG\ ZHUH WZRIROG ILUVW WR
REVHUYH QDWXUDOO\ RFFXUULQJ FRQWHVWV LQ WKH ILHOG WR
GHWHUPLQH IDFWRUV DIIHFWLQJ WKH RXWFRPH RI WKHVH
FRQWHVWV DQG VHFRQG WR GHWHUPLQH WKH QXPEHU RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH FRQWHVWV RYHU WKH FRXUVH RI D GD\ WR WHVW ZKHWKHU
FRQWHVW IUHTXHQF\ LV DVVRFLDWHG ZLWK SDLU
IUHTXHQF\GHQVLW\RUWHPSHUDWXUH
Materials and Methods
:H REVHUYHG -DSDQHVH EHHWOHV LQ HDVWFHQWUDO
,OOLQRLV &ROHV DQG &XPEHUODQG &RXQW\ RYHU D 
\U WLPH VSDQ )RU EHHWOHV WKDW ZHUH FROOHFWHG VH[
ZDV GHWHUPLQHG E\ GLIIHUHQFHV LQ IRUHOHJ
PRUSKRORJ\ 6PLWK DQG +DGOH\  DQG ERG\
VL]H ZDV GHWHUPLQHG E\ UHFRUGLQJ PD[LPXP ERG\
ZLGWK XVLQJ D GLVVHFWLRQ VFRSH ZLWK DQ RFXODU
PLFURPHWHU 0D[LPXP ERG\ ZLGWK RFFXUV DW WKH
DQWHULRU SRUWLRQ RI WKH HO\WUD DQG LV D JRRG
SUHGLFWRU RI RYHUDOO ERG\ VL]H 9DQ 7LPPHUHQ HW
DO
Focal observations of fights
,Q -XO\  DQG  IRFDO REVHUYDWLRQV ZHUH
PDGH RI QDWXUDOO\RFFXUULQJ PDOHPDOH
LQWHUDFWLRQV LQ VR\EHDQ ILHOGV $ µILJKW¶ ZDV
GHILQHG DV ZKHQ RQH RU PRUH PDOHV ZHUH LQ DFWLYH
SK\VLFDO FRQWDFW ZLWK D PDOH WKDW ZDV PRXQWHG WR
D IHPDOH VLPSOH EULHI FRQWDFW EHWZHHQ PDOHV ZDV
QRW UHFRUGHG DV D ILJKW 'DWD ZHUH DQDO\]HG RQO\
RQ ILJKWV EHWZHHQ RQH LQWUXGLQJ PDOH DQG RQH
UHVLGHQWPDOH
0RVW REVHUYDWLRQV ZHUH PDGH EHWZHHQ  DQG
 KU %HFDXVH ILJKWV DUH UHODWLYHO\ UDUH LQ WKH
ILHOG REVHUYDWLRQV ZHUH PDGH RQ ILJKWV WKDW KDG
DOUHDG\ VWDUWHG WKHUHIRUH WKH EHJLQQLQJ RI D ILJKW
ZDV UDUHO\ LQFOXGHG LQ WKH IRFDOV )RU HDFK IRFDO
WKH GXUDWLRQ RI WKH ILJKW ZDV UHFRUGHG WR WKH
QHDUHVW VHFRQG DQG WKH IDWH RI WKH ORVHU FUDZOHG
DZD\ IOHZ DZD\ VWD\HG ZLWKLQ  FP RI WKH SDLU
ZDV QRWHG )LJKWV ZHUH FRQVLGHUHG WR EH RYHU LI
WKH ORVHU OHIW WKH SDLU DQG GLG QRW UHLQLWLDWH
FRQWDFW %HFDXVH WKH EHJLQQLQJ RI WKH ILJKW ZDV
QRW REVHUYHG WKH GXUDWLRQV RI WKH ILJKWV ZHUH
UHSRUWHG IRU GHVFULSWLYH SXUSRVHV DQG ZH GLG QRW
LQFOXGH DQDO\VHV RQ IDFWRUV DIIHFWLQJ WKHVH
GXUDWLRQV )ROORZLQJ WKH ILJKW DQ DWWHPSW ZDV
PDGH WR FDSWXUH DOO WKH LQGLYLGXDOV LQYROYHG
$OWKRXJK  ILJKWV ZHUH REVHUYHG VDPSOH VL]HV
GLIIHU IRU VRPH RI WKH DQDO\VHV EHFDXVH QRW DOO
LQGLYLGXDOVZHUHFDXJKWIRUDOOILJKWV
Temporal variation in fights
)RU  GD\V LQ  EHWZHHQ  -XO\ DQG 
$XJXVW ZH UHFRUGHG WKH IUHTXHQF\ RI ILJKWV DW 
VDPSOLQJ WLPH SHULRGV    
DQG  KU $W HDFK WLPH SHULRG ZH VDPSOHG
SDLUVLQWKHVDPHVR\EHDQ ILHOGE\ZDONLQJLQ
RQH GLUHFWLRQ GRZQ WKH HGJH RI WKH ILHOG FDUHIXOO\
VHDUFKLQJ IRU DOO VLQJOH DQG SDLUHG EHHWOHV ZLWKLQ 
DGMDFHQW URZV DQG UHFRUGLQJ IRU HDFK SDLU IRXQG
ZKHWKHU LW ZDV DORQH RU LQ D ³ILJKW´ ZLWK D WKLUG
LQGLYLGXDO 7R GLVWLQJXLVK ILJKWV IURP EULHI
LQWHUDFWLRQV ZH GHILQHG D ILJKW DV DQ LQWHUDFWLRQ
EHWZHHQ DQ LQWUXGLQJ PDOH DQG D SDLU WKDW ODVWHG
IRU PRUH WKDQ  V 7R HVWLPDWH SDLU IUHTXHQF\ ZH
DOVR FRXQWHG WKH QXPEHU RI VLQJOH LQGLYLGXDOV
REVHUYHG LQ WKH VDPH DUHD IRU ZKLFK WKH ILUVW 
SDLUV ZHUH IRXQG DGGHG WKRVH LQGLYLGXDOV WR WKH
QXPEHU RI LQGLYLGXDOV LQ SDLUV DQG FDOFXODWHG WKH
QXPEHU RI SDLUV SHU WRWDO QXPEHU RI EHHWOHV LQ WKH
DUHD :H UHFRUGHG WR WKH QHDUHVW  P WKH OHQJWK
RI WKH VDPSOLQJ WUDQVHFW UHTXLUHG WR ILQG 
SDLUV WKLV OHQJWK SURYLGHG XV ZLWK DQ HVWLPDWH RI
GHQVLW\ LH ZH DGGHG WKH QXPEHU RI VLQJOH DQG
SDLUHG EHHWOHV DQG GLYLGHG E\ WKH OHQJWK RI WKH
VDPSOLQJ WUDQVHFW WR JHW LQGLYLGXDOVP
7HPSHUDWXUH ZDV UHFRUGHG DW WKH EHJLQQLQJ RI
HDFK VDPSOLQJ SHULRG 6DPSOHV ZHUH QRW WDNHQ
GXULQJ UDLQ WKLV UHVXOWHG LQ VDPSOH VL]HV GLIIHULQJ
IRU VRPH WLPH SHULRGV :H DQDO\]HG WKHVH GDWD E\
FRQGXFWLQJ DQ $1&29$ ZLWK WKH QXPEHU RI ILJKWV
DV WKH GHSHQGHQW YDULDEOH DQG WLPH SHULRG
GHQVLW\ SDLU IUHTXHQF\ DQG WHPSHUDWXUH DV
LQGHSHQGHQWYDULDEOHV
:H DQDO\]HG DOO GDWD ZLWK HLWKHU -03  6$6
,QVWLWXWH  RU 6WDWYLHZ  $EDFXV &RQFHSWV
 0HDQV DUH SUHVHQWHG  6( 1RQSDUDPHWULF
DQDO\VHV ZHUH XVHG ZKHQ GDWD GLG QRW FRQIRUP WR
SDUDPHWULF DVVXPSWLRQV 3YDOXHV IRU
QRQSDUDPHWULF VWDWLVWLFV WDNH WLHG YDOXHV LQWR
DFFRXQWZKHQDSSURSULDWH
Results
Fight observations
0DOH ILJKWLQJ EHKDYLRU W\SLFDOO\ FRQVLVWHG RI WKH
LQWUXGLQJ PDOH WU\LQJ WR SU\ ORRVH WKH PRXQWHG
PDOH KHUHDIWHU WKH UHVLGHQW E\ LQVHUWLQJ KLV KHDG
EHWZHHQ WKH UHVLGHQW DQG IHPDOH DQG SXVKLQJ
ZLWK KLV OHJV WR JDLQ OHYHUDJH 7KH UHVLGHQW DOVR
SXVKHG DW WKH LQWUXGLQJ PDOH ZLWK KLV OHJV
DWWHPSWLQJ WR NHHS WKH LQWUXGHU RII WKH IHPDOH ,I
WKH LQWUXGLQJ PDOH ORRVHQHG RU SDUWLDOO\ GLVSODFHG
WKH UHVLGHQW KH WKHQ DOVR XVHG KLV OHJV WR SXVK WKH
UHVLGHQW PDOH FRPSOHWHO\ RII RI WKH IHPDOH 2IWHQ
GXULQJ FRQWHVWV PDOHV PRYHPHQW ZRXOG FHDVH DQG
PDOHV ZRXOG UHPDLQ LQ SRVLWLRQ HJ RQH PDOH
SDUWLDOO\ LQVHUWHG XQGHU DQRWKHU IRU VHFRQGV WR
PLQXWHV 0DOHV ZHUH QHYHU REVHUYHG ELWLQJ RWKHU
PDOHV GXULQJ WKHVH FRQWHVWV 2QFH XVXUSHG WKH
UHVLGHQW PDOH XVXDOO\ DWWHPSWHG WR UHFODLP WKH
IHPDOHE\WU\LQJWRSU\ ORRVH WKHQHZO\PRXQWHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1%HKDYLRURIWKHORVLQJPDOH-DSDQHVHEHHWOHDIWHUWKHILJKW1 WDNHRYHUDWWHPSWV³2WKHU´LQFOXGHV
WKRVHILJKWVLQZKLFKWKHIDWHRIWKHORVHUZDVOHVVFOHDUEHFDXVHDWOHDVWRQHDGGLWLRQDOPDOHKDGMRLQHGWKHILJKW
LQWUXGHU 0RVW LQWUXGLQJ PDOHV DSSUR[LPDWHO\
 ZHUH PDNLQJ WKHLU DWWHPSW IURP WKH IURQW RU
EHKLQG WKH SDLU DV RSSRVHG WR IURP WKH VLGH RU
XQGHUQHDWK *HQHUDOO\ ILJKWV LQYROYHG D VLQJOH
PDOH DWWHPSWLQJ WR GLVORGJH D PRXQWHG PDOH IURP
D IHPDOH RQ VRPH RFFDVLRQV KRZHYHU PXOWLSOH
PDOHVZHUHLQYROYHG
Outcomes of Fights
7KH RXWFRPHV RI  QDWXUDOO\RFFXUULQJ ILJKWV LQ
WKH ILHOG ZHUH REVHUYHG 7KHVH ILJKWV ODVWHG 
  V RQ DYHUDJH UDQJH  V 1   
ZLWK D VNHZHG GLVWULEXWLRQ PHGLDQ    V
7ZHQW\HLJKW  RI WKH ILJKWV ODVWHG OHVV WKDQ 
PLQXWHV DQG   ODVWHG OHVV WKDQ  PLQ ,Q
  RI WKHVH ILJKWV WKH LQWUXGLQJ PDOH ZDV
VXFFHVVIXO LQ WDNLQJ RYHU WKH IHPDOH ,Q 
 WKH IHPDOH GHWDFKHG KHUVHOI IURP ERWK
PDOHV HLWKHU DV D UHVXOW RI IDOOLQJ RII D OHDI RU
FUDZOLQJ DZD\ 7KXV LQ DSSUR[LPDWHO\  RI
WKH ILJKWV WKH UHVLGHQW PDOH UHPDLQHG ZLWK WKH
IHPDOH $ PDOH ZDV QHYHU REVHUYHG WR UHJDLQ WKH
IHPDOH DIWHU EHLQJ GLVSODFHG E\ DQRWKHU PDOH
/RVLQJ PDOHV W\SLFDOO\ FUDZOHG DZD\ IURP WKH SDLU
RU VWD\HG ZLWKLQ  FP RI WKH SDLU )LJXUH 
,QWHUHVWLQJO\ LQ   WKH ILJKW UHVXOWHG
LQ D KRPRVH[XDO SDLU IRUPLQJ EHWZHHQ WZR PDOHV
LH RQH PDOH ZDV PRXQWHG RQ WKH RWKHU PDOH DQG
WKH IHPDOH ZDV VHSDUDWH DQG LQ  DGGLWLRQDO
ILJKWV RQH PDOH ZDV REVHUYHG SURELQJ WKH RWKHU
PDOH ZLWK KLV DHGHDJXV DW VRPH SRLQW GXULQJ WKH
ILJKW
Size and fight outcome
,QWUXGLQJ PDOHV WHQGHG WR EH ODUJHU WKDQ
UHVLGHQWV EXW WKLV GLIIHUHQFH ZDV QRW VLJQLILFDQW
HLWKHU ZKHQ FRQWHVWV ZHUH SRROHG )LJXUH  GI  
 W    3    RU ZKHQ UHVLGHQWV DQG
LQWUXGHUV ZHUH FRPSDUHG ZLWKLQ D JLYHQ ILJKW
PHDQ GLIIHUHQFH UHVLGHQW ± LQWUXGHU   ï 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 2&RPSDULVRQRIVL]HVRI-DSDQHVHEHHWOHPDOHVLQYROYHGLQXQVXFFHVVIXO1 DQGVXFFHVVIXO1 
WDNHRYHUDWWHPSWV7KHOLQHLQGLFDWHVUHVLGHQWDQGLQWUXGHUEHHWOHVRIHTXDOVL]HWKHUHIRUHSRLQWVDERYHWKHOLQH
UHSUHVHQWFDVHVLQZKLFKWKHZLQQHUVZHUHODUJHUWKDQWKHORVHU
  PP GI    SDLUHG WWHVW W    3  
 $GGLWLRQDOO\ WKH VL]H RI WKH ZLQQHU
UHJDUGOHVV RI ZKHWKHU LW ZDV UHVLGHQW RU LQWUXGHU
ZDV QRW VLJQLILFDQWO\ GLIIHUHQW IURP WKH VL]H RI WKH
ORVHU PHDQ GLIIHUHQFH      PP 1  
 SDLUHG WWHVW W    3    +RZHYHU
ZKHQ GDWD ZHUH VHSDUDWHG E\ ZKHWKHU WKH
WDNHRYHU DWWHPSW ZDV VXFFHVVIXO DQ LQWHUHVWLQJ
SDWWHUQ HPHUJHG )LJXUH  ,QWUXGHUV ZHUH
VLJQLILFDQWO\ ODUJHU WKDQ UHVLGHQWV LQ  
RI WKH VXFFHVVIXO WDNHRYHUV PHDQ GLIIHUHQFH
ZLQQHU ± ORVHU      PP 1    SDLUHG
W    3    EXW LQWUXGHUV ZHUH QRW
FRQVLVWHQWO\ ODUJHU LQ XQVXFFHVVIXO WDNHRYHU
DWWHPSWV PHDQ GLIIHUHQFH   ï   PP 1
   SDLUHG W    3    7KHUHIRUH ZKHQ D
WDNHRYHU DWWHPSW ZDV VXFFHVVIXO WKH LQWUXGLQJ
PDOH ZDV XVXDOO\ ODUJHU WKDQ WKH UHVLGHQW
+RZHYHU MXVW EHFDXVH WKH LQWUXGHU ZDV ODUJHU GLG
QRW PHDQ WKDW KH ZRXOG QHFHVVDULO\ EH VXFFHVVIXO
LQ   RI XQVXFFHVVIXO WDNHRYHU DWWHPSWV
WKH LQWUXGHU ZDV ODUJHU WKDQ WKH UHVLGHQW )LJXUH

1R RWKHU DVSHFWV RI ERG\ VL]H VHHPHG WR DIIHFW
ILJKW RXWFRPH 1HLWKHU IHPDOH VL]H VXFFHVVIXO  
   PP XQVXFFHVVIXO      PP W
   GI    3    SDLUHG PDOH VL]H )LJXUH
 W    GI    3    RU SDLUHG PDOH WR
IHPDOH VL]H UDWLR VXFFHVVIXO      1  
 XQVXFFHVVIXO      1    W   
GI    3    ZHUH VLJQLILFDQWO\ GLIIHUHQW
EHWZHHQVXFFHVVIXODQGXQVXFFHVVIXODWWHPSWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 30HDQIUHTXHQF\6(RIDSDLUVSDLUVLQGLYLGXDODWWLPHSHULRGVIRUGD\VLQ$OO
REVHUYDWLRQVZHUHPDGHLQWKHVDPHVR\EHDQILHOG2EVHUYDWLRQVZHUHQRWPDGHGXULQJUDLQVRWKHDFWXDOVDPSOH
VL]HIRUHDFKWLPHSHULRGGLIIHUV1 GD\VIRUDQG1 GD\VIRUDQG
Temporal pattern of fights
7KH IUHTXHQF\ RI SDLUV YDULHG VLJQLILFDQWO\
WKURXJKRXW WKH GD\ ZLWK WKH ORZHVW IUHTXHQF\ LQ
WKH DIWHUQRRQ DQG KLJKHVW LQ WKH PRUQLQJ DQG
HYHQLQJ )LJXUH  $129$ )      3 
 $W D JLYHQ WLPH DSSUR[LPDWHO\ ± RI
WKH SDLUV H[SHULHQFHG ILJKWV )LJXUH  5HVXOWV RI
WKH $1&29$ :KROH PRGHO 5    )   
 3   LQGLFDWH WKDW WKH IUHTXHQF\ RI
ILJKWV YDULHG FRQVLVWHQWO\ ZLWK WLPH RI GD\ )  
 3   DQG GHQVLW\ )LJXUH  )  
 3    EXW QRW ZLWK WHPSHUDWXUH )
   3    RU SDLU IUHTXHQF\ )    3
   VLPLODU UHVXOWV ZHUH IRXQG ZKHQ WKH
GHQVLW\ RI VLQJOH EHHWOHV UDWKHU WKDQ RYHUDOO EHHWOH
GHQVLW\ ZDV LQFOXGHG LQ WKH PRGHO ,QWHUHVWLQJO\
WKH ILJKW IUHTXHQF\ ZDV KLJKHVW DW  DQG 
DQGZDVQHJDWLYHO\UHODWHGWRGHQVLW\
Discussion
Fights and fight outcome
$OWKRXJK GLUHFW SK\VLFDO FRPSHWLWLRQ IRU PDWHV
ZDV QRW FRPPRQ LQ -DSDQHVH EHHWOHV ILJKWV ZHUH
FRQVLVWHQWO\ REVHUYHG IRU D VPDOO SHUFHQWDJH RI
SDLUV WKURXJKRXW RXU VWXG\ ,Q WKHVH ILJKWV WKH
LQWUXGLQJ PDOH ZDV VXFFHVVIXO LQ XVXUSLQJ WKH
IHPDOH LQ OHVV WKDQ  RI FRQWHVWV RYHUDOO WKH
SDLUHG PDOH UHWDLQHG SRVVHVVLRQ RI WKH IHPDOH LQ
DSSUR[LPDWHO\  RI FRQWHVWV 7KHUHIRUH SDLUHG
PDOH -DSDQHVH EHHWOHV DSSHDU WR KDYH D
VXEVWDQWLDODGYDQWDJHLQFRQWHVWVRYHUIHPDOHV
6XFK D UHVLGHQF\ DGYDQWDJH PLJKW EH H[SODLQHG E\
WKH SDLUHG PDOH¶V SRVLWLRQDO DGYDQWDJH KLV KLJKHU
ILJKWLQJ DELOLW\ WKH µYDOXH¶ KH DWWDFKHV WR WKH
IHPDOH RU VRPH FRPELQDWLRQ RI WKHVH 3DUNHU
 3DUNHU DQG 5XEHQVWHLQ  $XVWDG 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 40HDQIUHTXHQF\6(RIILJKWVSHUSDLUVDWWLPHSHULRGVIRUGD\VLQ$OOREVHUYDWLRQV
ZHUHPDGHLQWKHVDPHVR\EHDQILHOG2EVHUYDWLRQVZHUHQRWPDGHGXULQJUDLQVRWKHDFWXDOVDPSOHVL]HIRUHDFK
WLPHSHULRGGLIIHUV1 GD\VIRUDQG1 GD\VIRUDQG
(QTXLVW DQG /HLPDU  7KH PRVW OLNHO\
SRVVLELOLW\ VHHPV WR EH WKDW JXDUGLQJ PDOHV
H[SHULHQFH D SRVLWLRQDOPHFKDQLFDO DGYDQWDJH E\
KDYLQJ D ILUP JUDVS RI WKH IHPDOH ZLWK WKHLU
IRUHOHJV DQG PLGGOH OHJV DQG EHLQJ DEOH WR SXVK
WKH LQWUXGLQJ PDOH ZLWK WKHLU KLQG OHJV )OHPLQJ
 %DUURZV DQG *RUGK  .&. DQG 396
SHUVRQDO REVHUYDWLRQ 7KLV SRVLWLRQDOPHFKDQLFDO
DGYDQWDJH VHHPV WR EH XQUHODWHG WR WKH UHODWLYH
VL]H RI WKH SDLUHG PDOH DQG IHPDOH EHFDXVH QR
UHODWLRQVKLS ZDV IRXQG EHWZHHQ ILJKW RXWFRPH
DQG WKH UHODWLYH VL]HV RI WKH SDLUHG EHHWOHV
)LJKWLQJ DELOLW\ PD\ DOVR EH UHODWHG WR HQHUJ\
OHYHOV HJ 0DUGHQ DQG :DDJH  0DUGHQ DQG
5ROOLQV  3ODLVWRZ DQG 6LYD-RWK\  EXW
ZKHWKHU SDLUHG PDOHV KDYH KLJKHU HQHUJ\ OHYHOV LV
XQNQRZQ ,Q WHUPV RI UHVRXUFH YDOXH WKH SDLUHG
PDOH PD\ YDOXH WKH IHPDOH PRUH WKDQ WKH LQWUXGHU
LQ VRPH FDVHV HJ $XVWDG  EXW JLYHQ WKH
ODVW PDOH DGYDQWDJH GHPRQVWUDWHG LQ WKLV VSHFLHV
/DGG  ZK\ WKLV ZRXOG EH WUXH LQ -DSDQHVH
EHHWOHV LV XQFOHDU 2QH SRVVLELOLW\ KRZHYHU LV WKDW
D SDLUHG PDOH PD\ KDYH PRUH LQIRUPDWLRQ RQ
ZKHQWKHIHPDOHPD\OHDYHWRRYLSRVLW
$OWKRXJK UHVLGHQF\ ZDV IRXQG WR EH RI SULPDU\
LPSRUWDQFH LQ GHWHUPLQLQJ FRQWHVW RXWFRPH PDOH
VL]H DOVR SOD\HG D UROH ,Q WKRVH FDVHV ZLWK D
VXFFHVVIXO WDNHRYHU WKH LQWUXGLQJ PDOH ZDV
VLJQLILFDQWO\ ODUJHU WKDQ WKH SDLUHG PDOH %RG\
VL]H LV D IUHTXHQW GHWHUPLQDQW RI FRQWHVWV LQ
LQVHFWV DQG RWKHU WD[D 7KRUQKLOO DQG $OFRFN
 LQFOXGLQJ RWKHU EHHWOHV 0F/DLQ DQG
%RURPLVD  (QGHUV HW DO  ,Q WKH FDVH RI
-DSDQHVH EHHWOHV ODUJH PDOHV PD\ EH DEOH WR
RYHUFRPH WKH VXJJHVWHG SRVLWLRQDO DGYDQWDJH RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 55HODWLRQVKLSEHWZHHQWKHQXPEHURIILJKWVREVHUYHGSHUSDLUVDQGGHQVLW\RILQGLYLGXDOVIRU
-DSDQHVHEHHWOHVREVHUYHGLQWKHVDPHVR\EHDQILHOGIRUGD\VLQ5HODWLRQVKLSLVSRROHGRYHUDOOWLPH
SHULRGVDQGGD\VWKHOLQHUHSUHVHQWVDVLPSOHOLQHDUILWWRWKHGDWD
WKH SDLUHG PDOH +RZHYHU UHODWLYHO\ VPDOO PDOHV
GLG DWWHPSW WDNHRYHUV DQG UHODWLYHO\ ODUJH PDOHV
GLG IDLO LQ DWWHPSWHG WDNHRYHUV VR ILJKW LQLWLDWLRQ
DQGRXWFRPHDUHQRW\HWFRPSOHWHO\H[SODLQHG
,Q WKLV VWXG\ VLQJOH FRQWHVWV ZHUH VWXGLHG LW LV
QRW NQRZQ KRZ IUHTXHQWO\ PDOHV KDYH WR GHIHQG
WKHLU IHPDOHV RU ZKHWKHU WKH SUREDELOLW\ RI
ZLQQLQJ HDFK FRQWHVW LV LQGHSHQGHQW RI SULRU
FRQWHVWV ,Q RWKHU LQVHFWV WKH DPRXQW RI ILJKWLQJ D
PDOH KDV SDUWLFLSDWHG LQ DQGRU KLV HQHUJ\
UHVHUYHV KDYH D QHJDWLYH LPSDFW RQ KLV SUREDELOLW\
RI ZLQQLQJ IXWXUH FRQWHVWV 0DUGHQ DQG :DDJH
 6ZLW]HU  IXUWKHUPRUH WKH SUREDELOLW\
WKDW WKH ZLQQHU RI D ILJKW XOWLPDWHO\ HQGV XS
IHUWLOL]LQJ WKDW IHPDOH¶V HJJV LV QRW NQRZQ
&RQVHTXHQWO\ E\ IRFXVLQJ RQ VLQJOH FRQWHVWV ZH
PD\ QRW KDYH D FRPSOHWH SLFWXUH RI WKH UROH RI
GLUHFW PDOHPDOH FRPSHWLWLRQ LQ WKH PDWLQJ
V\VWHP RI WKLV VSHFLHV RU RQ WKH ILWQHVV RI
LQGLYLGXDO PDOHV 1HYHUWKHOHVV WKLV VWXG\
LGHQWLILHV WKH LPSRUWDQFH RI ERWK UHVLGHQF\ DQG
ERG\ VL]H LQ ILJKW RXWFRPH DQG IURP WKH
SHUVSHFWLYH RI DQ LQWUXGLQJ PDOH WKH SUREDELOLW\
RI XVXUSLQJ WKH IHPDOH VKRXOG EH FRQVLVWHQW ZLWK
WKHVHUHVXOWV
Temporal and social aspects of fight
frequency
3DLU IUHTXHQF\ ZDV IRXQG WR EH KLJKHVW LQ WKH
PRUQLQJ DQG HYHQLQJ DQG ORZHVW LQ WKH PLGGOH RI
WKH GD\ D SDWWHUQ DOVR IRXQG SUHYLRXVO\ 6ZLW]HU
HW DO  ,QWHUHVWLQJO\ ILJKWV IRU IHPDOHV KDG
WKH RSSRVLWH SDWWHUQ ZLWK ILJKWV EHLQJ PRUH
IUHTXHQW LQ WKH PLGGOH RI WKH GD\ DQG ORZHVW LQ
WKH PRUQLQJ DQG HYHQLQJ )XUWKHUPRUH ILJKWV
ZHUH PRUH FRPPRQ DW ORZ GHQVLWLHV 7KHVH
SDWWHUQV FDQQRW VLPSO\ EH H[SODLQHG E\ DLU
WHPSHUDWXUH EHFDXVH QR VLJQLILFDQW LQGHSHQGHQW
HIIHFW RI WHPSHUDWXUH RQ ILJKW IUHTXHQF\ ZDV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IRXQG ,W ZDV DOVR XQOLNHO\ WKDW WKHVH SDWWHUQV
ZHUH GXH WR FKDQJHV LQ SRSXODWLRQ VH[ UDWLR
EHFDXVH DQ HDUOLHU VWXG\ IRXQG QR FRQVLVWHQW
FKDQJHV LQ VH[ UDWLR RYHU WKH FRXUVH RI WKH GD\
6ZLW]HUHWDO
:H VXJJHVW WKDW RQH SRVVLEOH H[SODQDWLRQ IRU WKH
WHPSRUDO DQG GHQVLW\ SDWWHUQV UHODWHV WR WKH
DYDLODELOLW\ RI UHFHSWLYH IHPDOHV ,I PDOHV FDQ
PRUH UHDGLO\ ILQG UHFHSWLYH RU KLJK TXDOLW\
IHPDOHV LQ WKH PRUQLQJ DQG WKH HYHQLQJ DQG DW
KLJKHU GHQVLWLHV WKHQ PDOHV PD\ EH PRUH OLNHO\ WR
VHDUFK IRU DQ XQJXDUGHG IHPDOH DW WKHVH WLPHV
WKDQ WR SD\ WKH FRVW DVVRFLDWHG ZLWK D WDNHRYHU
DWWHPSW ,Q WKH PLGGOH RI WKH GD\ VLQJOH IHPDOHV
PD\ EH HLWKHU SK\VLFDOO\ XQDYDLODEOH LH
RFFXS\LQJ LQFRQVSLFXRXV ORFDWLRQV RQ WKH IRRG
SODQWV EH EHKDYLRUDOO\ XQDYDLODEOH LH
SK\VLFDOO\ UHVLVWLQJ PDOH PDWLQJ DWWHPSWV EH
VPDOO LQ VL]H RU KDYH IHZHU HJJV 6DHNL HW DO
F $OWKRXJK WKHVH SRVVLELOLWLHV DUH VWLOO
VSHFXODWLYH DW WKLV SRLQW IXWXUH VWXGLHV H[DPLQLQJ
WKH VSDWLDO ORFDWLRQV RI IHPDOHV IHPDOH UHVLVWDQFH
WR PDWLQJ DQG PDOH PDWHVHDUFKLQJ EHKDYLRU
ZRXOG JUHDWO\ KHOS WR XQGHUVWDQG WKH UHVSHFWLYH
UROHV RI PDOH DQG IHPDOH EHKDYLRU LQ WKH ILJKWLQJ
EHKDYLRURIWKLVVSHFLHV
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